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INTRODUCTION 
A bark disease of pears was observed in a commercial 
orchard in Belchertown, Massachusetts and in the University 
of Massachusetts orchard at Amherst in the summer of 1966* 
Although a similar disease on apples, called black pox, has 
been reported from New Jersey, Pennsylvania, West Virginia, 
Michigan, Ohio, Indiana, Missouri, Kansas, Maryland, South 
Carolina, Georgia, Alabama, Arkansas, Texas, Colorado, 
Mississippi, and New Mexico, and has been studied extensively 
the disease on pear was only reported once (Berg, 1934) in 
Mississippi and no study of the disease on pear was ever 
undertakent 
The disease affects twigs, branches, and trunks and 
appears as lesions consisting of slightly elevated, necrotic 
areas surrounded by circular or semicircular cracks* Older 
lesions may show a series of concentric cracks around them. 
Heavily infected twigs, branches, and trunks are completely 
covered with lesions which either remain as distinct small 
f ff 
raised pus rules, or the cracks coalesce and form a continu~ 
ous network on the bark. Infected trees show a general 
chlorosis and poor growth, followed by defoliation and death 
or branches. Cankers constitute a continuous source o± 
inoculum for xeinreccion in the orchard because they persist 
in the trees from year to year. Cankers are likely in time 
— ^ f) 
to cause decline and death of affected trees. 
2 
This study v;as undertaken in order to: (1) determine 
the etiology of the disease, (2) study the morphology, 
taxonomy, and biology of the pathogen, (3) study the mecha¬ 
nisms of penetration and infection of the plant by the 
pathogen and the defense reactions of the affected tissues, 
(4) investigate the possibility of toxin production by the 
pathogen and study its effects on the host, and (5) test 
the effectiveness of selected fungicides on the pathogen 
for possible control recommendations. 
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II. LITERATURE REVIEW 
In 1908, a disease of the apple bark was observed in 
Arkansas and was called “measles" because the first symptom 
appeared as papular elevations with reddish color (Hewitt 
and Truax, 1912}* In 1917, a similar disease of apples was 
reported in Missouri and evidence was presented that the 
disease might be caused by the bacterium Pseudomonas papulans 
(Rose , 1917} „ A sirni 1 ar 
apparently caused by the 
South Africa by Hopkins 
of apple seedlings chara 
apple bark blistering disease, 
same bacterium, was reported from 
(cited in Berg, 1934 ) * A disease 
cterized by horseshoe or circular 
cracks in the bark scattered among small. 
9 
raised swe11ings 
or blisters was also thought to be caused by bacteria (Lacy 
and Dowson, 1931). Roberts (1934), however, obtained in¬ 
conclusive results from inoculation studies with P. papulans 
on Delicious apple twigs* 
In 1931, Berg reported the bark disease of apple as 
causing serious damage to apples in West Virginia and, two 
years later, he reported fruit infections associated with 
the bark disease* He isolated a fungus from the diseased 
bark which he tentatively identified as Claterosporium sp. 
In 1934, Berg identified the same fungus definitely as 
Helmin t h o s do r lum papule sum Berg* He showed that the so-called 
"measles" disease was actually several distinct diseases and 
that H. papulosum is the cause of only one of these diseases* 
The name black pox was suggested because of the shiny, 
blackish papules characteristic of the early stages of the 
disease„ 
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The nature and development of the disease on apples was 
studied in detail by Lewis (1953) who reported serious 
losses in Indiana due to fruit infections on Golden Delicious 
and wood infections on Rome Beauty and Gallia Beauty* He 
reported that the period of maximum sporulation and infection 
was in July and August* Infection studies in the greenhouse 
were undertaken by Taylor (1963) in Georgia, who showed that 
H* papulosum can infect apple leaves as well, and this in- 
fection contributes to the weakening of the tree. In 1966, 
Taylor reported that the damage from black pox had been 
increasing rapidly and he noted that control measures were 
not available* 
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The same or similar apple disease was reported from 
Washington State by Blodgett and Aichele (1965), who de¬ 
scribed a blister bark disease on 2-year-old Delicious apple 
trees and its hybrids, and by Schieber (1966) in Guatemala, 
In 1966, Blodgett and Aichele reported another bark disease 
of Delicious apple trees in Washington resulting in severe 
tree decline*. Declining trees have small, rounded canker 
areas on the trunks and branches which they called crater 
cankers* Decline and bark canker of apple trees have also 
been observed by Guengerich (cited in Blodgett and Aichele, 
1966) in British Columbia. The cause of these diseases is 
still unknown. 
The disease on pears in Massachusetts was first noted in 
1966 and reported in 1967 (Acedo and Agrios, 1968)« It is 
similar in some respects to black pox of apples and is like¬ 
wise associated with a fungus, most probably a species of 
Helminthosporium. family Dematiaceae, order Moniliales, class 
Fungi Imperfecti. Hughes (1958) considers H. papulosum Berg 
as a synonym of H. asterinum8 However, the placing of this 
fungus in HeIrninthosporium is still questionable. Luttrell 
(personal communication) is more inclined to include this 
fungus in Corynespora. or in Sporidesmiim, Luttrell (1964) 
describes Hc papulosum as having acrogenous conidia, a 
characteristic associated more with Corynespora than with 
H e 1 m i n th o spor ium«. Species of Spor ide smium are mostly 
saprobes on woody plant parts and are distinguished from 
Corynespora in having murogenous conidia* 
HeIminthosporium species most often cause important 
diseases of grasses and are easily cultured. However, Berg 
(1934) encountered difficulty in isolating H* papulosum from 
apples because the fungus grew very slowly on nutrient media, 
attaining a colony diameter of only about an inch in 30 days 
of growth# 
Many Helm 1,nthosporiurn species are unable to sporulate 
in artificial media without special light treatment. H. 
papulosum sporulated abundantly after 2 months at room tem¬ 
perature and continuous light (Lewis, 1953), while H. 
stenospilum sporulated best at 600 ft~c of yellow light 
6 
(Freeman and Luke, 1969), H. avenae after being exposed to 
white light (Weston and Dillon, 1936), H. dictyoides when 
the culture received 12 hours each of light and. darkness 
daily (Vargas and Wilcoxon, 1967), and H. gramineum, the 
causal agent of the barley stripe disease, sporulated most 
abundantly after 48-hour outdoor exposure to indirect sun¬ 
light (Houston and Oswald, 1946). 
Because of the ability of Helminthosporlum spo. to 
produce toxins, pathogenic capability does not necessarily 
depend on the ability of the fungus mycelium to invade the 
host. Histological observations of H. papillosum on apple 
showed that, although the mycelium was mostly on the surface 
of the lesions and only a few hyphae penetrated the cortical 
cells, marked hypertrophy was observed in the surrounding 
tissues (Lewis, 1953). He suggested that a toxin might be 
involved in disease production, especially since H. victoriae 
was known to produce such a toxin (Meehan and Murphy, 1947). 
Since then, certain other HeIminthosporfum species have 
been reported to produce toxic metabolites in culture fil¬ 
trates which either partly or fully reproduce the symptoms 
appearing in natural infections. Thus, Pringle and Braun 
(1957) isolated a host-specific toxin from K. victoriae 
which is able to reproduce all the symptoms of Victoria 
blight of oats. Culture filtrates of H. carbonum inhibit 
seedling growth of susceptible lines of corn but have no effect 
on resistant seedlings (Scheffer and Ullstrup, 1965), while 
He sativum was reported to produce a non-specific toxin which 
predisposes barley seedlings to invasion by inducing pre¬ 
mature senescence (Ludwig, 1957), and a toxic substance 
produced in culture filtrates by H* oryzae reduces germi- 
nability and produces abnormalities in rice seedlings 
(Orsenigo, 1957)* 
The severity of the disease on apples in some areas 
has led to efforts to develop effective control measures* 
Lewis (1953) tested several fungicides against Hc papuiosum 
in the field and found Captan to be quite promising es¬ 
pecially for use on Golden Delicious. Testing fungicides 
for control of such slow-developing but perennial diseases 
on trees can be done over a rather long period of several 
years* However, preliminary screening of the efficacy of 
different fungicides may be achieved in the laboratory by 
using the spore germination technique (Committee on Stan¬ 
dardization of Fungicidal Tests, 1943), or, for fungi which 
do not sporulate easily in culture, by using a modification 
of the paper-disk bioassay method (Thornberry, 1950; 
Sharvelle, I960)* 
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III. EXPERIMENTS 
A. The Disease: Description and Evaluatioru 
Most of the field studies on He1minthosporium blister 
canker of pear were made in the orchard of S. Wheeler at 
Everett Street, Belchertown, Massachusetts. The orchard is 
well-maintained and pear trees, varying in age from about 
5 to 15 years, are interplanted with apple trees. Of the 
44 Bartlett, Bose, and Seckel pear trees in the orchard, 43 
are diseased with blister canker. The symptoms on Bartlett 
variety are slightly more severe than those on Bose and Seckel 
The first symptoms visible to the naked eye are blister- 
like elevations on the twigs and branches. These elevations 
enlarge slowly and later turn purplish to black in color. 
On young twigs the lesions later appear somewhat sunken. 
When fully developed, lesions appear as numerous circular or 
semicircular dead areas, about 5-12 mm. in diameter, and are 
delimited from the healthy bark by conspicuous cracks (Fig. 
1, A and B)* A series of concentric cracks sometimes sepa¬ 
rates diseased from healthy areas. The dead bark within 
cracks either remains attached to the wood or sloughs off, 
exposing the fibro-vascular tissues (Fig. 2). 
In older lesions, a considerable portion of the wood 
below becomes brown and discolored. In smaller twigs, 
browning extends to the pith (Fig. 3A)t The brown areas on 
the surface of the wood have a crusty texture and are ovoid 
to spindle-shaped (Fig. 3B)« 
Fige 2* Sloughing-off of the dried outer cort 
layers of canker lesions exposes the fibrous tissue 
beneath «v 
leal 
O r 
f 
9 
Pig* 1* Helm1nth ospor1um blister canker on Bartlett 
pear. A) Infection on the trunk , branches and twigs * 
B) Close-up view of cankers shov/ing circular 
and semiciron1ar cracks * 
10 
Fig* 3* A) Cross sections of a pear t 
the extent of discoloration in the wood. 
B) Browning and discoloration 
surface of the wood of a pear twig are elli 
shape* The upper portion of the twig shows 
coalesced lesions on the wood* 
wig showing 
on the 
ptical in 
several 
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The trunks, limbs and twigs of heavily infected trees 
are completely covered with coalescent lesions, giving trie 
bark a net-like appearance (Fig* 4). The twigs become de¬ 
foliated and die progressively from the tips downward. In 
some cases only the tips of a few twigs are killed, in oJiex^, 
all the twigs and branches on one or more large limbs die 
progressively. The few remaining leaves on heavily infected 
trees show chlorosis, poor growth, and generally fall earlier 
than normal (Fig. 5). 
St v 
The disease appears to spread rather slowly within a 
tree or among trees and to cause no serious damage to lightly 
infected trees. However, the disease may become severe and 
damaging in time. Heavy infections have a debilitating 
effect on the tree and reduce the number of fruits produced. 
Ultimately the tree is rendered totally unproductive and 
dies. The death of bearing trees represents substantial 
losses to the farmer. 
Fig The main stem of a pear tree heavily 
infected with Helminthosporlum cankers 
13 
Fig* 5e Pear tree heavily infected 
Helminthosporium and showing poor growth 
and death of branches* 
with 
defoliation 
14 
15 
B, Etiological Studies 
1* Isolation of the Causal Organism 
Haterials and Methods* Sect!ons of diseased barhf 
about 3 x 3 mm* were cut from the margins of canker lesions 
and were sterilized by dipping them for 3-5 minutes in a 
0*53% sodium hypochlorite solution* The sections were sub¬ 
sequently washed with several changes of sterile distilled 
water, drained at the sides of the tubes and placed on 
plated potato dextrose agar (PDA)* 
Results, A species of Helminthosporjura■ was consistently 
found associated with the diseased bark* At first, diffi¬ 
culty was encountered in the isolation because the fungus 
is slow-growing and is often outgrown by other fast-growing 
fungi. Infected twigs thoroughly washed with water and kept 
in Stender dishes lined with moist paper towels also developed 
surface mycelium and spores identical with those isolated on 
PDA« 
2 * Pafchoqenic1ty Studies« 
Materials and Methods* Pathogenicity tests were con¬ 
ducted in the greenhouse„ in the laboratory, and in the field 
Pear seedlings grown in 6-inch pots in the greenhouse 
were inoculated by brushing the stems and the leaves with a 
20-day old mycelial suspension of the fungu O f The fungus 
colonies and the agar medium on which they were growing were 
homogenized in distilled water in a Waring blender* The 
control plants were brushed with bits of agar in distilled 
1G 
water. The treated plants were each covered with plastic 
bags for 48-72 hours after inoculation to provide a warm and 
moist environment for infection. The inoculation experiment, 
in which 10 plants were inoculated and five were left as 
control, was repeated five times* 
In the laboratory, six inoculations of a set of five 
each of pear twigs, detached leaves, and both young cina 
mature fruits were made * The twigs were about 9—12 mnu in 
diameter, the young fruits about an inch in diameter, and 
the mature fruits were those available in the market«> The 
leaves varied in age inasmuch as they were taken from 
different points in a stem* The inoculated twigst leaves 
and fruits were incubated in Stender dishes lined with moist 
paper towels and kept in this condition for as long as they 
were alive* Detached leaves remained green for 16 days and 
the fruits and twigs were observed for 60 days* Controls 
for each were provided* 
Inoculations of twigs, leaves and developing fruits 
were carried out for two summers at the University orchard 
in Amherst* Six twigs, ranging in size from 7-12 ram* in 
diameter, in each of 2 Bartlett trees were brushed with the 
mycelial suspension of the fungus* The inoculated plant 
parts were covered with plastic bags for 72 hours and were 
subsequently observed for symptom development. 
£®subts* Forty-seven out of a total of 50 pear seed¬ 
lings inoculated in the greenhouse became infected. Symptoms 
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first appeared on the twigs as reddish, elevated portions 
about 1-3 mm. in diameter. The reddish blister-like ele¬ 
vations gradually enlarged and turned purple to dark brown 
in color. The areas around the blisters soon developed 
cracks and the delimited areas within became dry ana slightly 
sunken, leaving wide, distinct, and often circular cracks 
between the dead and the living tissues of the bark. Lesions 
attain a diameter of about 3 to 5 mm., and as infection 
progresses and the number of lesions increases, the cracks 
coalesce and give the bark a net-like appearance. The 
dried, central portion of the lesion may slough off in 60 
days after inoculation, exposing the fiber tissues beneath. 
Slight chlorosis, poor growth, and sometimes death of the 
seealings rollow. The first symptoms start to develop An 
14 to 30 days after inoculation. No leaf infection was 
observed in the greenhouse. 
In the inoculations made in the laboratory, twigs, 
leaves, and mature fruits became infected. The results are 
presented m Table I. Twigs inoculated in the laboratory 
developed symptoms within 7 days from inoculation. The 
symptoms consisted of distinct reddish elevations similar 
to tnose observed in the greenhouse-grown plants, but cracks 
seldom developed around these elevations. Leaf infections 
appeared in the form of a few minute, dark lesions surrounded 
by yellow zones. These lesions did not enlarge even after 
prolonged observation. Likewise, mature fruits developed 
18 
small dark lesions on the lenticels but the darkening did 
not spread farther than the size of the lenticel. Mycelial 
strands which remained on the surface of the fruit were 
observed to radiate from the infected lenticels. 
Table I.—Pathogenicity of H, papulosum f. pyri on pear 
twigs, leaves and fruits in the laboratory* 
Plant Inoculation Date 
Material 1-23-67 1-30-67 6- -22-67 7- -15-6 7 7-22-6 7 8- -15-i 
Twigs 4/.J-/ 5/5 5/5 5/5 4/5 5/5 
Leaves 2/5 1/5 2/5 3/5 3/5 1/5 
Young fruits 0/5 0/5 0/5 0/5 0/5 0/5 
Mature 
fruits 3/5 0/5 0/5 2/5 1/5 0/5 
1/ Numbs yr of plants' showing symptoms / number of 
plants inoculated 
In the orchard, two of 12 twigs inoculated on July 12, 
1968 became infected 35 days after inoculation* Three of 
12 twigs inoculated, on May 14, 1969 showed blisters in 42 
days after inoculation. The symptoms on the twigs consisted 
of the blister-like, slightly elevated lesions which later 
developed to large, circular cracked areas. No leaf and 
fruit infections were observed. 
19 
3» Identification of the Causal Fungus 
Materials and Methods, The first identification of the 
fungus as belonging to the genus He1minthosporium was made 
by Dr. Margaret E. Bigelow, mycologist at the Department of 
Botany, University of Massachusetts. For species identifi¬ 
cation, diseased twigs and pure cultures of the fungus were 
sent to Dr. E„ S. Luttrell of the University of Georgia. 
The fungus from pear appears to be similar to H. papulosum 
Berg from apples in both morphological and cultural 
characteristics. An isolate of H. papulosum from apple was 
kindly supplied by Dr. Jack Taylor of the Georgia Mountain 
Experiment Station, and two isolates of H. asterinurnr one 
isolated from dead oak (Quercus nigra) and the other from 
dead sumac (Rhus glabra) were kindly supplied by Dr. Luttrell 
for comparative studies. The four HeIminthosporium isolates 
were grown at room temperature on different media and the 
perimeter of the colonies was marked weekly for 7 weeks. 
Diameters of the colonies were measured at the end of the 
7th week. The average weekly growth increments and the final 
colony diameter of each isolate on different media are pre¬ 
sented in Table II and Fig. 6. Another set of cultures 
growing on various media were exposed to continuous fluores¬ 
cent light and examined weekly for the presence of spores, 
ihe frequency and abundance of sporulation was measured by 
scraping the surface of a colony with a plastic spatula and 
suspending the scrapings in 10 ml. of water. The suspension 
20 
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Fig* 6* Growth of 4 Helminthosporium isolates on 
different nutrient media* 
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was shaken thoroughly, a drop of the suspension was examined 
microscopically, and the number of spores in a drop was 
counted* A comparison of spore's ation of the 4 isolates after 
7 weeks is shown in Table III* 
Cross-inoculation experiments with 4 He1minthosporium 
isolates were conducted on pear and apple seedlings in the 
greenhouse and in the laboratory* Ten pear and 10 apple 
seedlings were each inoculated with the isolates from pear, 
apple, oak, and sumac* The inoculation procedure was the 
same as that described in the pathogenicity 
cross-inoculation experiments were repeated 
results are presented in Table IV* 
tests* The 
six times* The 
'Ihe 4 He Irn in th o spor i um isolates studied showed 
no marked differences in morphological and cultural character¬ 
istics except, chat the sumac isolate produced smaller colonies 
and more abundant sporulation in most of the media tested* 
On the other hand, the pear isolate produced slightly bigger 
colonies in 7 of the 11 media tested and more abundant 
sporulation than the apple and oak isolates (Fig* 7)f On 
V-8 juice agar, the pear isolate colony was distinctly con¬ 
centric. and of a lighter color than those of the other three 
isolates (Fig* 8)* 
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Table III.—Frequency and abundance of sporulation of four 
Helminthosporium isolates on different nutrient media after 
7 weeks of growth under continuous light 
Media 
Fungus 3 isolate from: 
Pear Apple Oak Sumac 
Lima bean agar +1/ — — ++ 
Czapek-Dox agar + -I- + 4- 
Water agar 4- + -I- 4-4-4- 
V~8 juice agar 4-4-4- 4- — 4-4- 
Apple decoction agar 4-4- - — 4--!-+ 
Pear decoction agar ++ — — 4-4-4- 
Mycological agar 4-4- — 4*4* 
Malt extract agar ++ 4- *.5- 4-4- 
Potato dextrose agar 4- 4- + +4- 
Corn meal agar 4- *-* 4- 
Oatmeal agar -1--!- 4- 4* 4- 
1/ Sporulation index: 
4-4-4- 20 or more spores per drop of water 
++ 10-19 spores per drop of water 
+ 9 or .less spores per drop of water 
- zero sporulation 
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Table IV*“-Cross-inoculation experiments of 4 Helminthosporium 
isolates on pear and apple seedlings in the greenhouse 
Isolate / Trial 
Pear seedlings Apple seedling s 
No* 1 2 3 4 5 6 1 2 3 4 5 6 
Pear isolate 31/ 0 2 2 0 0 0 0 0 0 0 0 
Apple isolate 0 0 0 0 0 0 1 0 0 0 1 0 
Oak isolate 0 0 0 -2/ ^ ^ ■ — r 0 0 0 — — — 
Sumac isolate 0 0 0 — — 0 0 0 — — — 
1/ Total number of plants > infected pe r 10 p lan ts 
inoculated 
2/ No further tests made 
Fig* 7. Size and characteristics of 7-week~old 
colonies of the apple (Rows 1 and 3) and pear (Rows 2 and'4) 
isolates of H« papulosum on (A) oatmeal agar, 
(B) pear decoction agar, 
(C) potato dextrose agar, 
(D) apple decoction agar, 
(E) mycological agar* and 
(F) malt extract agar* 
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Fig 
colonies 
8* Size and characteristics of 7-week-old 
of 4 He3minthosDorium isolates on V-8 juice 
agar* (A) pear isolate^ % 
(B) sumac isolatef 
(c) apple isolate, and 
(D) oak isolate* 
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In the cross-inoculation experimentsf infection on pear 
seedlings was obtained only with the pear isolatef and in¬ 
fection on apple seedlings developed only from inoculations 
with the apple isolate* The few blister-like lesions on the 
stem of apple seedlings were observed 4 months after inocu¬ 
lation c No infection was obtained on pear and apple seed¬ 
lings inoculated with either the oak or sumac isolates,, 
The cultural and morphological studies shewed no marked 
differences among the 4 IIe1minthosporium isolates* Likewises 
in the cross-inoculation experiments, the fungus from pear 
did not infect apple seedlings txnd H. papule sum from apple 
did not infect pear seedlings* These results indicate that 
l.h.e pear fungus may be a specialized form of H. papulosum* 
Iho results o.c the cross—inoculation experiments are further 
supported by observations in the orchard where apple trees 
of several varieties have been growing side by side with 
heavily infected pear trees but are unaffected by the disease 
Another point of difference in their pathogenicity is that 
whereas H. infects bark9 fruits, and leaves of 
apple in nature, the fungus isolated from pear can only 
infect the bark of the pear trees and has never been ob- 
sexvea to naturally infect fruits and leaves in the field* 
in. view of these differences, the fungus isolate from pear 
is hereby designated Helminthosporium papulosum f* 
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4* Physiological and Morphological Studies, 
a« Growth and sporulation of H. jpapulosum 
pyri on different media 
Materials and Methods. The fungus from pear was grown 
at room temperature on 11 nutrient media, namely: potato 
dextrose agar, corn meal agar, water agar, lima bean agar, 
malt extract agar, oatmeal agar, mycological agar, Czapek- 
Dox agar, V-8 juice agar, pear decoction agar, and apple 
decoction cigar * All media except V-8 juice agar, and the 
pear and apple decoctions were obtained from Difco* The 
decoctions were prepared by boiling 200 grams of chopped 
pear or apple twigs and later straining through cheese¬ 
cloth* The volume of the decoctions was made to 1 liter 
with distilled water and to this was added 15 grams of agar, 
The other media were prepared according to standard pro¬ 
cedures,: Sporulation, colony characteristics such as color 
and shape, and the changes in the pigmentation of the media 
were noted. The perimeters of colonies were marked weekly 
and the diameters were measured and recorded at the end of 
the 7th week. The increment in colony growth, the presence 
or absence of spores, and 
summarized in Table V„ 
some colony characteristics are 
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Resultso The growth of the fungus is favored by media 
rich in carbohydrate sources as shown by the higher increments 
of weekly growth on oatmeal agar, corn meal agar, and potato 
dextrose agar* Good growth was aIso obtained on malt agar 
and mycological agar* In most of the media tested, the 
fungus produced a dense mat of mycelium with zi tough con¬ 
sistency, brownish to dark gray in color (Fig* 9}* The 
colonies have elevated centers except on oatmeal agar where 
the colonies appear flat* On water agar, mycelial growth is 
very sparse* Most of the colonies had an even, radial growth 
from the center and smooth margins except on Czapek-Dox agar 
which had a slightly wavy margin* In pear decoction agar 
and apple decoction agar, which have a reddish tinge after 
autoclaving, a zone of darker red color appears around the 
colonies 3 weeks after inoculation* 
The fungus grows very slowly in culture, its colonies 
reaching only an inch in diameter after 3 weeks of growth. 
H* papillosum f. pyri sporulates seldom and poorly on arti¬ 
ficial media in the absence of additional light* After 10 
weeks growth of the fungus under ordinary room conditions, 
only a few spores developed on potato dextrose agar, lima 
bean agar, water agar, malt extract agar, oatmeal agar, 
mycological agar, and pear decoction agar. 
Fig* 9c Colony growth of 
different media (A) V-8 juice 
He papulosum 
agar t 
(B) corn meal agar. 
(C) malt extract agar, 
(D) potato d e x t r o s e ag a. r r 
(E) o a t me a 1 ag ar f 
(F) C z apeh~Dox ag ar f 
(G) v;ater agar, 
(H) lima bean agar, and 
(I) mycological agar* 
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fr* Effect of light on sporulation 
Materials and Methods* At the start oj. this wort, 
efforts were made to produce spores for use in other phases 
of the experiment. Preliminary studies indicated that lignu 
influenced sporulation of H. papulosum f* pyrjU The effect, 
of light on sporulation was determined by exposing 7-day-old 
cultures of the fungus on different media to (1) continuous 
light, (2.5 intermittent light, (3) no light, and (4) or¬ 
dinary room conditions* The intermittent light treatment 
was 12 hours under light and 12 hours darkness. Two 15-watt 
fluorescent bulbs, 1*5 feet away were used as light source* 
The results are shown in Table VI* 
Results* Light had a marked effect in inducing sporu¬ 
lation in H* papulosum f* pyri* Cultures exposed to con- 
tinuous light produced more spores than those exposed to 
intermittent light. This is especially evident on the V-8 
juice agar media* Sporulation was also enhanced by contin¬ 
uous light on apple decoction agar, pear decoction agar, 
mycological agar, malt extract agar, and oatmeal agar* 
c* Morphological characteristics 
The hyphae of H. papulosum f« pyri are hyaline when 
young but with age they become brown, thick-walled, septate, 
branched, and often densely granular. 
The conidia are usually clavate, thick-walled, 3-4 sep¬ 
tate, and grayish to dark brov/n in color (Fig* 10). Spores 
produced on diseased baxk measure 23-50 p long and 4.6-8.1 )i 
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Table VI,—Effect of 
papulesum f» pyri on 
light on sporulation of 
different media after 7 
ordinary room temperature 
Helminthosporium 
weeks at 
Continuous 
Media light 
Intermittent Continuous 
light dark 
Ordinary 
room 
conditions 
Lima bean agar +1/ 4 4- .L T 
Cazpek-Dox agar Jr + — — 
Water agar r 
V~8 juice agar 4+4 4- — - 
App1e do coction 
agar ) t T T + 
P e ar d e c o c t i o n 
agar 4 — — 
Potato dextrose 
agar « T + 
My c ologica1 egar ++ -I- — — 
Corn meal agar + 4* fco» +' 
Malt extract 
agar 4+ 4-4- — 
Oatmeal agar 44 4-4- —• 
1/ Sporulation index; 
4-4-4- 20 or more spores per drop of water 
10-19 spores per drop of water 
4- 9 or less spores per drop of water 
- zero sporulation 
(X 2100). 
* ' . 
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wide with an average of 35*43 x 6*30 The spores are pro¬ 
duced singly on short conidiophores or at the tips of common, 
elongate hypha* A conidium may arise through the apical 
pore of another conidium* A vesicle-like structure is some¬ 
times present at the point of attachment of the conidium 
to the conidiophore (Fig* 11). 
The conidiophores are very dark brown and arise singly 
at right angles along a hyphal strand or in clumps from a 
stromatic hypha® 
d. Manner and time of spore qermination. 
Spores taken from diseased specimens were placed in 
van Tieghem cells containing v;ater in which they were 
allowed to germinate. The germinating spores were observe^ 
microscopically at hourly interval, s. 
The spores started to germinate about 3 hours after 
immersion in water* The most common type of germination 
is by formation of a germ tube at the basal end cell of the 
spoie. Apical and bipolar germination was also observed 
(Fig. 12), 
1* ig« 11 e Spores of H& papulo sum f 
pear decoction agar and showing vesicle 
at the base of the spores* 
jcyrx produced on 
1Ake struetures 

Fig* 12* (A) Spore of H. papulosum f* pyri germinating 
through the basal cell, and (B) Spores germinating through 
the apical cell* 
‘«S 
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C c Time of Sporulation and Infection 
in Nature 
Materials and Methods. The time of sporulation of 
H„ papillosum fc pyri and of infection of pear trees in fje 
field was studied in the summers of 1967, 1968, and 1969. 
Infected twigs were collected at weekly intervals from the 
orchard and the scrapings from the cankers were examined 
microscopically for the presence of spores. To determine 
the time of infection, sets of 6 potted pear seedlings were 
exposed under heavily diseased, pear trees in the orchard at 
2-week intervals in April, May, June, and September and at 
weekly intervals in July and August* The pots were buriea 
in the ground to about 3/4 of their height to prevent dry¬ 
ing. After the 1- or 2-week exposure, the potted plants 
were taken back to the greenhouse and observed for symptom 
development. 
Small blisters were marked with white paint and the 
development of cankers was observed. Older lesions were 
also observed for further development. 
In the study of the disease in the field, the prevail¬ 
ing weather conditions during the processes of sporulation, 
infection, and development of the disease were noted in 
order to establish any possible relationships between the 
weather and these processes. 
Results. Figure 13 shows the time of spore formation 
by H. papulesum f. pyri in the field. Sporulation in 1967 
occurred in late July and August. In 1968, spores started 
39 
to appear during the last week of June, with abundant sporu¬ 
lation occurring in July and August* Of a total of 93 plants 
exposed in 1968f only one showed infection after 3 months 
incubation in the greenhouse*, The single infection was on a 
seedling exposed during the last week of June* For the 1969 
season, sporulation started on the later part of June, and 
reached its peak in July and early August and then gradually 
declined. By the middle of September, 1969 no infection 
had appeared on the plants exposed in the orchard during 
the previous months of the year* 
Sporulation and infection in the field coincide not 
only with warm temperature but also with high rainfall of 
the summer months. As expected the average monthly tem¬ 
peratures in 1967, 1968, and 1969 were highest in July and 
August. The highest rainfall for 1967 and 1969 was in July 
and August but in 1968 heavy rains started in June and con¬ 
tinued through August. 
The blister-like elevations on the twigs which appear 
in the later part of the season appear as purplish, slightly 
sunken lesions the following spring. The lesions continue 
to increase in size until a diameter of about 5-12 min. is 
accained. In older cankers, concentric cracks sometimes 
develop and the wood below becomes brown and discolored. 
Fig* 13* Time of sporuiation of H* papulesum f 
in the orchard* 
* pyri 
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In the orchard, the 
v?ind and rain splashes. 
fungus is probably disseminated by 
Seedlings placed under heavily 
e infected from wind-blown infected trees could have becom 
spores or falling spores* 
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D* His topa tho1oqleal S tud1es 
In order to obtain information concerning the develop¬ 
ment of the He 1m 1 nthoysporiurn blister canker disease of pear, 
histopathological studies were initiated aimed at determining 
the methods by which the pathogen gains entrance into the 
plant, the methods of invasion of the plant tissues by the 
fungal hyphae, and the defense mechanisms employed by the 
host plant in resisting the disease caused by this pathogen* 
Materials and Methods* The infected twigs used for 
histopathological studies were obtained from inoculations 
made in the laboratory in the manner described in the section 
on pathogenicity tests, and from greenhouse-infected plants* 
The mechanisms of penetration and infection were studied 
through the use of frozen and paraffin-embedded sections* 
Specimens sectioned in the freezing microtome (cryotome) 
v;ere stained with acid-fuchsin in lactophenol and mounted in 
plain lactophenol* Paraffin-embedded sections were fixed in 
formalin-acetic acid-alcohol (FAA) (Jensen, 1962), cut at 
10 p thick in a rotary microtome and stained with either 
modified Pianeze III~b1/ or with Thionin and Orange G 
(schedule according to Stoughton, 1930)* Several stain com- 
binacions Wv.-ie tried at the start of the experiment but the 
ones mentioned above proved to be the most satisfactory in 
showing the fungus in the tissues. 
i/Kodified Pianeze III-B stai 
g 
gn 
n consists of malachite 
lCUii Q•^ •, acid-fuchsin 0.5 gm., and martius yellow 0.1 
m* in 150 ml. distilled water and 50 ml. alcohol^. 
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Results. The germ tubes or mycelium of H. papulosum f. 
pyri penetrate the bark of pear twigs directly through fcne 
intact epidermis within 24-36 hours after inoculation (Fig* 
14)* In some instancest the hyphae form compact masses of 
rounded, thick-walled mycelium on the surface of the bark 
before penetration (Fig* 15), but eventually they produce 
small hyphal pegs that penetrate the cuticle and grow into 
the intercellular spaces of the epidermal cells* Infection 
also takes place through lenticels, and through wounds* 
After passing through the epidermis, the mycelium 
usually spreads in all directions just below the epidermis 
(Fig. 16)* However, some hyphae are able to penetrate the 
cork barrier below and spread down into the cortex (Fig. 17). 
The cells immediately below and those several cells away from 
the invading hyphae undergo extensive hyperplasia and slight 
hypertrophy* In addition to these reactions, several layers 
of cork cells form that delimit the affected area* At this 
stage, the infected portions of the bark appear as reddish 
blisters about 2 mm* in diameter (Fig. 18). The blisters 
later increase in size and 28 days after inoculation they 
are about 3-5 mm. in diameter and appear purple to black in 
color. 
The mycelium seems to be able to pass through the cork 
layer mostly by remaining between the cork cells. Once the 
mycelium has advanced beyond the cork cells, it continues to 
invade the cortex both inter- and intracellularly (Fig. 19). 
Fig* 14o Direct penetration of pear bark epidermis by 
hyphae of H. papulosuin f« pyri« 
(A and B) Hyphal fragments penetrating between epiderma 
cell wallse 
(C) A hypha penetrating through the cell wall of an 
e piderma1 cell, 
(D) A hyphal fragment growing towards the cork layer 
after having penetrated directly through 
the outer and inner epidermal cell walls, 
(E and F) Clumps of hyphae penetrating directly through 
the cell wa11s* 

the 
Fig* I5e Growth of mycelium of H. papulosnm f. pyri on 
surface of the bark prior to penetration* 
(A) Chain-like mycelium comprised of short, thick- 
walled cells, and 
(B) A germinating spore of H. papulosum ft pyri 
it appears 18 hours after inoculation* 
do 
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Fig* 16c Hyphae of Ht papulosum £* 
gentially between the epidermis and cork 
of pear twigs® 
pyri growing 
layer of the 
tan- 
bar 1c 
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Pig*. 17* Hyphae of 
through the cork cells of 
H. papulosum f * pyri passing 
an infected pear twig* 
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Fig * 
caused by 
hyperpiasi 
18. Tangential section of a blister 
the fungus He papulesum ff pyri show 
a (X 380). 
on pear twig 
ng extensive 

Fig. 
stem of a 
growth of 
19. Cross-section of the 
pear seedling showing the 
the hyphae of H* papulosum fe pyri« 
cortical cells of the 
inter- and intracellular 
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Xn intracellular invasion, the hypha becomes constricted as 
it passes through the wall and resumes its normal size upon 
reaching the lumen of the invaded cell (Pig* 20)* 
From the cortex, infection spreads to the area of the 
phloem although it has not been determined whether the 
mycelium enters sieve elementse Mycelial growth has been 
observed in phloem fiber cells (Fig* 21)* Often, isolated 
necrotic areas develop near fiber cells at places far from 
the original point of infection (Fig* 22)* Discoloration 
t 
and browning extend to the cambium and into the wood* 
Lesions on the wood appear elliptical to spindle-shaped, 
and brown and with crust-like masses on the outside* Mo 
mycelium was seen in the brown areas of the wood* The hr own 
areas of the wood consist of disintegrated cells separated 
from the healthy portions by a thick mass of hyperplastic 
cells (Fig* 23)* However, in some cases the browning extends 
beyond the hyperplastic cells and the ray parenchyma in that 
area appears discolored (Figs* 23 and 24)* Infection of the 
wood in artificially inoculated plants in the greenhouse was 
observed only in plants inoculated 2 1/2 years ago* 
Cells near the point of infection, as well as those away 
from the point of infection but surrounded by cork layers, 
stain a deep green to almost black with Pianeze III-B. The 
same areas in unstained sections appear dark brown in color. 
This excessive darkening makes observation of the fungal 
hyphae difficult. The cell walls of these darkened cells 
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are thickened and the cytoplasm appears plasmolyzed and 
dense* Most of the cells become deformed ano later lose 
their shape and collapse, thus reducing the invaaeo. c.rea to 
a hard, dry, brown mass embedding the short, thick-v/alled 
hyphae (Fig* 25 A and B). Such areas, consisting of dead 
cells and delimited from the rest of the living tissues by 
thick layers of cork and deep cracks, either peel orf or 
remain attached to the bark* The formation or cracks around 
the necrotic area was observed in greenhouse-infected plants 
about 35 days after inoculation* 
Infection of the fruit takes place only in the labora¬ 
tory and mostly through the Ienticels* No infection re¬ 
sulted upon inoculation of young fruits, but when mature 
fruits were inoculated the fungous hyphae were able to in¬ 
vade only the parenchymatous tissues of the flesh just 
below the Ienticels (Fig* 26)* 
Fig* 20,. Advance of the fungus from cell 
direct penetration* Note the narrowing of the 
they go through the cell walls« 
to cell by 
hyphae when 
f 
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Fig* 21* 
growing along 
A group of hyphae of 
the longitudinal axis 
He papulesum f 
within phloem f ibe 
u\ u 
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X 
Fig* 221. Infection of pear bark by: H« papulosum f * pyri 
showing the blister-like lesionst the cork layersf and the 
dark, necrotic areas below the original point of infection* 
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Fig* 23* Disintegrated and discolored portion* 
the wood separated from the rest of the tissues by ; 
layer of hyperplastic ceils * Note that the discolor 
has diffused below the hyperplastic cells* 
3 Of 
i thick 
ration 

Figc 24t Cross-section of the wood showing discoloration 
of the xylem ray parenchyma cells* 

Fig* 25* (A) Cross-section through a lesion showing the 
fungus hyphae that have replaced the dart, disintegrated 
tissues of the host* 
(B) Close-up view of the short, thick-walled 
hyphae of He papulosura ft pyri which form after disintegration 
of the host tissues* 
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Fige 26« Infection of parenchymatous cells in 
fruite (A) Groups of hyphae of H* patmlosum 
and between the cells* 
pvn 
(B) Hyphal tips penetrating the cell walls 
the pear 
inside 
D 
1? Investigations on the Possibility of Toxin Pr^diictioii 
The chlorotic appearance of pear trees heavily infected 
with Hc papnlosum f. pyri. and the hyperplasia and cork for¬ 
mation present in the lesion but away from the invading 
hyphae, suggested that biologically active substances, one 
of them possibly a toxin, might be involved in the production 
of the disease* Preliminary experiments, in which pear 
shoots and leaves were placed in serial dilutions of crude 
culture filtrate in water, produced results that might be 
interpreted as toxic effects of the fungus culture filtrates 
on the pear shoots, twigs and leaves. 
Materials and Methods, H. papulesum £. pyri was grown 
in 250-ml. Erlenmeyer flasks containing 25 ml. of Fries' 
No* 3 medium, a synthetic liquid medium (Pringle and Braun, 
1957), The medium was autoclaved at 121°C and 15 pounds 
pressure for 15 minutes. Each flask' was seeded with 2 ml< 
mycelial suspension of H. papulosum pyri. The pH of the 
cultures was 5.4 at inoculation time but dropped to 4.0 at 
harvest time. The cultures were kept in an incubator main¬ 
tained at 22~25°C. After they were allowed to grow for 3 
days, the cultures were strained through several layers of 
cheesecloth and the filtrates passed through a Seitz filter. 
The crude filtrate was assayed for toxic effects on pear 
shoots, twigs, and leaves. Serial dilutions from 1:10 to 
1:1,000,000 of the filtrate in water were prepared and 20 
ml. of each dilution were pipetted into 100 x 25 mm. test 
60 
tubes* About 55 mm. of the base of a pear shoot, with a stem 
diameter of about 5 mm* at the lowest point, was then immersed 
in each test tube* Detached leaves, taken from below the 
newest expanded leaf of a shoot, were floated in 60 x 15 mm* 
Petri plates each containing 10 ml* of the culture filtrate 
dilutions* Duplicate tubes and dishes were used for each 
dilution. In control tubes and plates, pear shoots and 
leaves were immersed in dilutions of the unseeded medium* 
In other tests, needle punctures about an inch apart 
were made on young pear twigs and drops of the filtrate 
were placed on each puncture. The twigs, about 150 miru 
long and 5~10 mm. in diameter, were kept in Stender dishes 
lined with moist paper towels. 
Attempts were made to isolate, purify, and identify 
the toxic substance present in tine culture filtrates by 
following the methods of Pringle and Braun (1957) which 
includes concentration in vacuo. precipitation of the inert 
materials with methanol, extraction in butanol and purifi¬ 
cation by column and paper chromatography. However, the 
toxic substance seemed to be inactivated or lost after the 
butanol treatment and therefore, after the treatment in 
methanol, the filtrate concentrate was passed through a 
column of Dowex~50 (H+ form). After the concentrate was 
added to the column, the column was washed first with water 
to remove the salts and sugars, and then with 0.5N HCL to 
elute the toxin. The eluates were concentrated in vacuo 
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below 45°C and subjected, to paper chromatography* The sample 
was spotted on a Whatman No* 1 paper and the chromatogram 
was developed in butanol: acetic acid: water (4:1:5) solvent. 
The ninhydrin positive spots were identified with authentic 
amino acid samples on the same chromatogram. 
Results. Pear shoots and leaves placed in culture fil¬ 
trates of He papulesum f* pyri developed blackening and 
wilting* Blackening appears first at the veins of the young¬ 
est leaves and subsequently advances in the interveinal 
areas* The black portions latex' enlarge and form patches 
until eventually the whole leaf becomes blacke wilted, and 
brittle* In undiluted filtrates the entire shoot becomes 
almost black, and the darkening effects can be observed a up 
to the 1:10,000 dilution, although the darkening decreases 
progressively with the dilution (Fig. 27). The first dark 
areas on the leaves were observed about 3 hours after the 
bases of the shoots were immersed in the filtrate dilutions. 
When d).ops of filtrate were placed on needle punctures 
of twigs, a darkening of tissues developed starting from the 
puncture and continuing to spread out until dark areas about 
the size of the lesion in natural infection was attained. 
Older twigs developed lesions whose edges were raised higher 
th&n the healthy areas. 
Fig* 27* Toxic effects of the culture filtrate of H„ 
papulosum £« pyri on pear shoots , 
(A) undiluted filtrate, shov;ing darkening of all the 
leaves and petioles and some portions of the stem, 
(B) 1:10 dilution, showing darkening of all the leaves 
and younger petioles, 
(C) 1:100 dilution, showing a few green patches on the 
b1ack leaves, 
(D) 1:1000 dilution showing some darkening of the leaves, 
(E) 1:10,000 dilution, showing only a few dark patches 
on the margins of a leaf, and 
(F) Control* 
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Culture filtrates autoclaved for 15 minutes at 121°C and 
15 pounds pressure shov/ed toxic effects similar co those of 
the unheated samples* This indicates that the toxic substance 
present in the filtrate is heat—stable* 
Six ninhydrin-reacting spots appeared in the paper 
chromatogram* One of the spots corresponded to the spot of 
cysteine* The other spots were not identified* hone of the 
spots, however, produced any toxic effects when assayed on 
pear leaves* 
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F. Laboratory Assay of Fungicides 
The Helminthosporium blister canker disease of Psar 
occurs in orchards which are sprayed regularly with fungi¬ 
cides effective against apple and pear scab and other diseases. 
Yet this pear disease appears to be unaffected by, ana to have 
become very severe in spite of, these fungicides. Although 
it may be that the lack of control is due to die incorrecu 
timing of the sprays rather then the kinds of xungicides useo., 
nevertheless an evaluation of the effectiveness ox these and 
other fungicides against H. papulosum f* pyri seemed warranted* 
In these experiments, selected fungicides were tested in the 
laboratory, hoping to gain some insight as to the kinds of 
compounds effective against this fungus and possibly to 
locate fungicides that would warrant further trials in the 
field for possible selection of the fungicide that would 
give the best possible control of the disease, 
Materia. 1 s and Methodsc A total of 13 fungicides were 
assayed in the laboratory against H* papulosum f, Dyiyl, 
They include: Actidione (85% cycloheximide), Captan (50% 
N-trichloromethyl thio-4 cyclohexene-1,2-dicarboximide ) f 
Cyprex (65% n-dodecylguanidine acetate), Daconil 2787 (75% 
tetrachloroisophthalonitrile), Elgetol (19% sodium salt of 
dinitro-ortho-cresol, 5% sodium butyl naphthalene sulfonate, 
and 2% sodium chromate), Ferbam (76% ferric dimethyldithio- 
carbamate), Glyodex (50% 2-heptadecyl glyoxalidine acetate 
and 16% n-dodecylguanidine acetate), Karathane (25% 1-methyl 
heptyl phenyl crotonate), Magnetic 95 (95% sulfur), Maneb 
(80% manganese ethylenebisdithiocarbamate), Parzate C (75% 
zinc ethylenebisdithiocarbamate), Polyram (80% ethylene 
bisdithiocarbamate zinc), and Thylate (65% tetrametnyl- 
thiuram disulfide)* 
The fungicides were dissolved in water and three con¬ 
centrations of each were tested, namely * (1) medium, the 
recommended dosage for spraying apple and pear frees for 
the control of various diseases, (2) low, a concentration 
I 
equivalent to one half the recommended dosage, and (3) high 
a concentration two times the recommended dosage * Petri 
dishes were prepared containing 10 ml. of potato dextrose 
agar and 1 ml. of a mycelial suspension of the test fungus; 
the mycelial suspension was added to the agar tubes which 
cooled to 43°C just before pouring into the plates. The 
fungus was allowed to grow for 36 hours. Then, sterile 
assay paper disks, 12.7 mm. in diameter (obtained from 
Carl Schleicher and Schuell Co.), were soaked in each fungi 
cide solution for about a minute and placed at the center 
of each plate. The control plates contained disks soaked 
in sterile distilled water. 
The zone of inhibition was measured 7 days after the 
disks were placed on the plates. The assay experiment was 
performed twice with 3 replications per concentration of 
fungicide. The results are presented in Table VII and 
Fig. 28. 
66 
Table VII* —-Zones of inhibition produced by three concentrations 
of different fungicides against H. papulosum f* pyri in the 
laboratory 
Fungicides 
C oncentration s 
Low Medium High 
Actidione o -1/ 0.8 0.8 
Captan 15.3 15.3 15.3 
Cyprex 0 2.8 2.8 
Daconil 2787 3.8 4.8 4.8 
Elgetol 0 0.8 1.3 
Ferbam 21.3 23.3 26.3 
Glyodex 0 0 1.8 
Karathane * * * 
Magnetic 95 0 0 0 
Mane to 27.3 31.3 35.8 
Parzate C 0 0 2.3 
Polyram 15.3 16.3 18.3 
Thylate 22.3 23.3 23.3 
1/ Diameter of zone of inhibition (in mm.) after 7 days. 
Average ox. 2 trialst with 3 replications per trial. 
* No measurable zone of inhibition but mycelial growth 
on the plates thinner than in the controls. 
Fig* 28* Relative zones of inhibition of three con¬ 
centrations of different fungicides against H* papulesum 
f« pyri in the laboratory* 
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Results«, The greatest inhibition of fungus growth on 
the plates was produced by the dithiocarbamates, v;ith Maneb, 
Ferbam, and Thylate, in that order, producing the greatest 
zones of inhibition (Fig. 29). Captan and Polyram resulted 
in fairly good zones of inhibition, whereas the inhibition 
produced by Daconil 2787 and Cyprex was poor. The remaining 
fungicides gave no inhibition of the fungus. Generally, the 
high concentrations of the fungicides were more effective 
than the medium and low ones. The above tests do not, of 
course, provide any answer for the control of the disease, 
but they indicate that in any further search for fungicides 
effective against K. papulesum f* pyri in the greenhouse and 
in the field, more emphasis should be placed in the testing 
of dithiocarbamates than those completely ineffective in the 
laboratory. 
Fig* 29* Zones of inhibition of high concentration 
dosages of certain fungicides against H* patpulosum f* pyri«. 
(A) Maneb, (B) Ferbam, (C) Thylate, (D) Polyrame 
(E) Captan, and (F) Control* 
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IV. DISCUSSION AND CONCLUSIONS 
HeIminthosporium is a genus of fungi which includes mdhy 
species of economic importance. Most of the known species 
parasitize grasses and only a few have been reported on 
other hosts,, A He 1min th ospariurn species associated with a 
bark canker on pear was found to be pathogenic on pear trees. 
The symptoms produced on pear bark consist of blister-like 
elevations which subsequently develop to round cankers with 
conspicuous cracks around them. The fungus was isolated 
from natural infections and reisolated from pear twigs in¬ 
oculated in the laboratory,, in the greenhouses and in the 
field. The incubation period was shortert and the infection 
higher in twigs inoculated in the laboratory and in the 
greenhouse than those inoculated in the field , Howevert tne 
size of the cankers on pear seedlings in the greenhouse was 
smaller than those produced in the field. These differences 
in incubation period and size of cankers could possibly be 
due to the influence of the environmental conditions and the 
age and vigor of the twigs. In cottonwood trees, the size 
of the cankers and the extent of damage caused by Cytosppra, 
£!lSIS2E§is# and Hypomyces depend on the quality of the site 
where the trees are growing and the environmental conditions 
during the attack (Fitler, 1967). 
The fungus on pear has the taxonomic characters of the 
genus Helminthosporium f and does not markedly differ in 
morphological c.rG. cultural characteristics with H« padu 1 osum 
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on apples or with the saprobic isolates of H» asterinum, 
Luttrell (personal communication) accepted Hughes' (1958) 
reduction of H. papulosum in synonymy with H. asterinum but 
the type H* asterinum was not described. The taxonomy of 
Helm1nthospor1um is still unsettled (Luttrell, 1964) and he 
is more inclined to classify H. papulosum (H. asterinum) 
with Corynespora because it has acrogenou.s conidia (personal 
communication). The fungus on pear is placed under 
He1m1nthospor1urn until the mycologists establish definite 
criteria on the classification of Kelminthosporium species, 
and since the Helminthosporium species associated with the 
bark canker on pear is similar in cultural and morphological 
characteristics to Hc papulosum on apples, but different in 
their pathogenicity, the fungus on pear is designated 
Helminthosporium papulosum f* pyrl. 
11° BSpiOosum f. pyrl is capable of inciting cankers on 
the bark of pear trees, the symptoms being similar to those 
of the black pox disease of apples as described by Berg 
(1934). The damage caused by the fungus may be negligible 
as long as the cankers are superficial, but the situation 
becomes more serious once the injuries extend to the cambium 
ana the conductive tissues of the plant. The fungus mycelium 
invades the tissues of the bark. No mycelium was demonstrated 
in the sieve elements and in the vessels, but there was con¬ 
siderable browning and subsequent disintegration of the 
tissues in the bark and in the wood. Whether or not this 
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affects the transport of nutrients and water within the plant 
is not known* 
The formation of layers of cork cells around the locus 
of infection is apparently a defense mechanism of the pear 
tissues against the invading mycelium and possibly against 
toxic substances secreted by it* The cork barriers cue, 
generally, quite effective in checking the further spread 
of the fungus, but since the mycelium has been observed to 
pass between cork cells and to penetrate cell walls directlys 
it is apparent that the fungus is able to break through the 
barrier and start new infections, as is evident from the 
zonate appearance of some lesions* 
The pathogen forms large aggregates of mycelium on the 
host surface or within the cracks separating the necrotic 
from the healthy tissues* These aggregates either form 
hyphal pegs which penetrate directly the walls of the under¬ 
lying cells or push their way through the cork layer t caus¬ 
ing a rupture of the cork cells* Once the cohesion of a 
cork layer is broken, the cells of a fairly large area of 
the tissues below become hyperplastic or are killed presuma- 
bly m response co metabolite (s) secreted by the pathogen,-. 
Soon, however, another cork layer forms farther below in the 
baik which encloses the affected host tissues and the patho¬ 
gen. 
fungus is able to grow in the lumen of the phloem 
fiber cells but was not observed in vessels* The spread of 
the fungus within these elongate, dead cells and its 
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re-emergence at some distant point may account for the 
isolated pockets of necrotic areas usually observed around 
fiber cells in the bark* These necrotic areas stain heavily 
with malachite green and are surrounded by thick layers of 
cork* 
The vigor of the host plant seems to be important in 
preventing the spread of the pathogen* As in the case of 
many diseases in which cankers form, the activity of the 
pathogen is greater in weakened hosts* For example9 in 
cacao canker caused by Calonectria ri gid 1 tisco 1 a (Bark* and 
Br*) Sacc, ( symptoms may range from small, rapidly demar¬ 
cated lesions on a vigorously growing tree to a severe 
dieback, which may finally result in the death of a weak 
tree (Crowdyt 1947)* The vigorously growing tree is ore- 
sumably, in a better position to mobilize effective defense 
reactions against invading pathogens* 
The histological changes observed in the bark and wood 
axe caused not only by the presence of the mycelium in these 
areas but also by some biologically active substance(s) 
possibly a toxin and/or a growth regulator* On apples# the 
mycelium or R* papillosum was found mostly on the surface of 
the lesion, while necrosis, hypertrophy and increased density 
of the cells occurred quite deep in the tissues which led 
Lev;is (1953) to suspect that it was a result of toxic action* 
The continued formation of hyperplastic and cork cells awav 
from the invading hyphae suggests the presence of a substance 
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diffusing continually from the point of infection * The wilting 
and blackening of pear shoots immersed in dilutions of the 
culture filtrate of the pathogen further support the theory 
that a toxic metabolite is produced by the fungus* Although 
the toxic substance could not be isolated and identified 
with the few methods tried in this study, the reaction of 
pear shoots, leaves and stems to the filtrate provided ample 
evidence that a toxic metabolite was present* The production 
of toxic metabolites by plant pathogens and by several 
species of HeIminthosporium in particular, has been demon¬ 
strated in many cases* This fungus is considered to be 
a weak parasite and its mycelium does not invade the host 
extensively, but since a toxic substance may be involved in 
the development of this disease, the host is weakened by the 
toxin and the balance is tipped in favor of the parasite* 
The fungus does not infect fruits and leaves in nature, 
but will in the laboratory where warm temperature and high 
relative humidity are maintained during the processes of 
penetration and infection* A consistently high ratio of 
twig infection (28/30) was also obtained when the inoculated 
twigs were kept in moist chambers* In the field, the period 
of maximum sporulation was in July and August which are the 
warmest summer months and the periods of maximum rainfall* 
The canker-causing fungi Cytospora, Phomopsis. and Hypomyces 
caused disease epidemics on cottonwoods in Mississippi in 
1963 and 1965 when rains were frequent and temperatures were 
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between 20 and 30°C (Fitter, 1967), Berg (1932) and Lewis 
(1953) also found that the period of maximum sporulation of 
H* papillosum on apples is in July and August and that this 
corresponds closely with the period of maximum infection in 
the field* Since only a single pear seedling was infected 
at the start of sporulation in 1968, it is difficult to draw 
conclusions concerning the timing of sporulation and in¬ 
fection in the field, although many infections from the spores 
have probably developed on the twigs and branches of the 
pear trees. High relative humidity is essential for spor¬ 
ulation and infection by the fungus* In the laboratory the 
fungus has an incubation period of about 7 days, but in the 
field, the rate of lesion formation and of fruiting appear 
to be much slower* Sussman and Halverson (1966) state that 
most fungi require at least 60% relative humidity for germi¬ 
nation, The longer photoperiods may also influence spore 
formation in nature, since longer periods of light markedly 
increase the amount of sporulation of this fungus in the 
laboratory* 
The growth of H* papillosum f* pyri is favored by media 
rich in carbohydrates ano. sporulation in nutrient media is 
greatly enhanced by the effect of light. This is in accord 
V7.ith the reports in the literature summarized by Marsh et 
ill.* (.1 5o2) v.hieh indicate that light increases reproduction 
of many fungi, and with the findings of Leach (1962) that 
initiation and increase in sporulation occurred when isolates 
76 
of 34 species of fungi were irradiated continuously under 
near“Ultraviolet light* 
Of the fungicides tested against H. papulosum f« pyri 
in the laboratory, the dithiocarbamat.es inhibited the fungus 
the most and appear to give some promise of controlling this 
pathogen* Their effectiveness however cannot be ascertained 
until they are tested in the field* Lewis (1953) found 
Captan to show some promise for use against H* papulosum on 
apples, the same fungicide is also used in the orchard where 
the disease on pear occurs* The fungus on pear seems to be 
unaffected by this fungicide as evidenced by its widespread 
occurrence on almost all the pear trees. It is of course 
difficult to use fungicides against cankers once infection 
has set in, but in making future recommendations for pro¬ 
tective sprayingf the dithiocarbamates should be considered 
for further testing* In the meantime, the spread and 
severity of the disease may be minimized by keeping the trees 
healthy and vigorous* The main control recommendation at 
present is based on the prompt removal of diseased and dead 
plant parts by pruning and the proper disposal or burning of 
injected plant paits so as to reduce the sources of inoculum* 
V. SUMMARY 
A species of He1minthosporium was found associated with 
a bark disease of pears in two orchards in Massachusetts. 
The disease affects the twigs, branches, and trunks of pear 
trees and appears as lesions consisting of slightly elevated 
necrotic areas surrounded by circular or semicircular cracks 
Heavily infected twigs, branches, and trunks are covered 
with lesions which often coalesce and give the bark a net- 
like appearance* 
The cultural and morphological characteristics of the 
fungus isolated from diseased pear trees did not differ 
significantly from those of HeImintho sporium papulosum 
isolated from apple® However, the pear isolate definitely 
differs from the apple isolate in pathogenicity and is, 
therefore, designated He1minthosporium papulosum f. pyr i. 
H. papulosum f. pyri grows very slowly in culture and 
is favored by media rich in carbohydrate sources. The 
fungus rarely sporulates on nutrient media but spore for¬ 
mation is initiated and sometimes becomes abundant upon 
exposure of the cultures to artificial light. 
The fungus spores (conidia) are long {35.4 yi) and 
shaped like a candlepin with the largest width (6.3 p) 
approximately one-fourth the distance from the apical end 
to the base of the spore. The conidia arise singly on 
specialized conidiophores or at the tips of common, elongate 
hyphae. Germination of the spores usually takes place at 
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the basal end, but apical and bipolar germination has also 
been observed* 
Sporulation and infection in the field was found to take 
place in July and August* 
H* papulesum f* pyri usually penetrates the bark epider¬ 
mis directly, although penetration through the lenticels and 
through wounds also takes place* The fungus hypha invades 
the bark tissues both inter- and intracellularly and can 
grow in the lumen of the phloem fiber cells* 31 n older lesions 
the browning and discoloration extend through the bark and 
into the wood* A biologically active substance(s} seems to 
be involved in disease production* Hyperplasia and cork 
formation were observed at points away from the invading 
hyphae* 
The culture filtrates of the fungus cause pear shoots 
one. de cache a leaves to turn b *L ack and to wilt* The toxic 
effects on pear shoots were observed in dilutions of up to 
1:10/000* The toxic substance was not destroyed by heating 
at 121°C for 15 minutes* 
Different fungicides were bioas 
by the paper-disk method against H* 
Certain dithiocarbamates showed some 
sayed in the laboratory 
losum f. pyr 1. * 
promise of control to 
warrant further tests* Cultural practices that keep the 
plants vigorous, and prompt removal and proper disposal of 
infected plant materials should help minimize the spread 
and severity of the disease* 
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